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A NOVEL BIOACTIVE PRODUCT AND ITS USE 

The invention relates to the porous textile product made from bioactive glass fiber, 
5 defined in Claim 1 . The invention further relates to the use of the said textile product. 

BACKGROUND OF THE INVENTION AND THE STATE OF THE ART 

The publications to which reference is made below and which are used for illustrating the 
1 0 background of the invention and the state of the art are to be deemed as being 
incorporated into the description of the invention below. 

Biomaterials and their biologic attachment 

15 Implants for both medical and dental purposes have long been prepared from a variety of 
materials. Various metals, metal alloys, plastics, ceramic materials, glass ceramic 
materials, and the latest, i.e. bioactive glasses, differ one from another not only by their 
durability but also by the properties of the interface between the implant and the tissue. 
Inert materials, such as metals and plastics, do not react with a tissue, in which case there 

20 always remains an interface between the implant and the tissue; the implant and the tissue 
constitute two distinct systems. Bioactive materials, such as hydroxyapatite, glass ceramic 
materials and bioactive glasses, react chemically with the tissue, whereupon there forms 
at the interface between the implant and the tissue a chemical bond, which is relatively 
strong, especially with bioactive glasses. The implant and the tissue are thus fixed to each 

25 other. The speed of the healing of the tissue and the possible chemical bond with the im- 
plant depend on the tissue activity of the implant material used. 

International patent publication WO 96/21628, Brink et aL, describes a group of bioactive 
glasses which can be processed easily. From such bioactive glasses it is possible, for 
30 example to draw fibers and, for example by the torch spraying technique, to prepare so- 
called microspheres of glass. Porous bioactive pieces are prepared by sintering these 
microspheres together. By using microspheres which are within as narrow a fraction as 
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possible (of as uniform a size as possible), it is possible to control the porosity of the 
body. According to the literature it seems that the most advantageous particle size is 
within the fraction 200-400 microns (Schepers et al. 1997, Tsuruga et al 1997, 
Schliephake et al 1991, Higashi et al 1996). The studies carried out by the inventors so 
5 far have shown that a porous bioactive implant which has been prepared by sintering 
bioactive microspheres of the fraction 250-300 microns reacts very strongly in the femur 
of a rabbit (Ylanen et al 1997). The results of the studies have shown that the said 
implant model reacts rapidly and the porous matrix fills at a steady speed with new bone. 
The shear strength of the bioactive implants in a push-out to failure test has been already 

10 after three weeks statistically as high as after 12 weeks. The amount of bone inside the 
matrix has been after 12 weeks 35-40 % of the pore volume both in bioactive implants 
and in the titanium implants used as controls. It is, however, advisable to note that in a 
bioactive matrix porosity increases evenly as a function of time as the bioactive glass 
mass decreases. Porosity increased in experiments in vivo from 30 % to 65 %. The 

1 5 porosity of titanium, of course, does not change in any way. Thus the amount of new bone 
inside bioactive implants is de facto almost double that inside titanium implants. In our 
opinion this shows that the porous implant type used by us is right 

The beginning of new bone growth seems to be located in micro-cracks in the bioactive 
20 glass particles (Schepers et al 1997). Evidently the calcium and phosphate dissolving 
from the glass into the fluid (in vitro SBF, in vivo plasma) surrounding the micro-crack 
quickly form, together with the calcium and phosphate normally in the fluid, so high a 
concentration that the solubility product of the ions concerned is exceeded. As a 
consequence of this, calcium phosphate precipitates onto the silica gel on the surface of 
25 the bioactive glass and new bone growth begins. The porous body sintered from bioactive 
microspheres is full of microscopically small cavities. This explains the rapid bone 
growth inducing property of the tested bodies we sintered from bioactive microspheres. It 
has further been shown that the roughness of the surface has a favorable effect on the 
attachment to the biomaterial surface of proteins which control bone growth (Grossner et 
30 al 1991, Boyan et al 1998), as well as has the biomaterial itself. According to the 

literature, the said proteins attach best and most rapidly to the surface of bioactive glass 
(Ohgushi et al 1993, Vrouwenvelder et al 1992, Lobel et al 1998, Vrouwenvelder et al 
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1993, Shimizu et al 1997, Miller et al 1991). 

Patent publication WO 98/47465 describes a porous composite which comprises i) 
particles A made from a bioactive material and ii) particles B which are made from a non- 
5 bioactive or weakly bioactive material sintrable to the said bioactive material. The said 
particles A and particles B are sintered together to form a porous composite. Combined 
with the implant, the said composite ensures both rapid ossification and permanent 
attachment of the implant. The composite described here, being made up of smooth glass 
spheres with untreated surfaces, must, however be in contact with body fluid for about a 
10 week before the silica gel layer required by bone growth is formed on the sphere surfaces. 
Only thereafter can the actual bone formation begin. 

OBJECT OF THE INVENTION 

15 It is an object of the invention to provide a novel bioactive and porous textile product 
which ensures more rapid ossification than do prior art composites. 

It is a particular object of the invention to provide a bioactive porous textile product 
having already, on the surface of its fibers, a bioactive layer required for the initiation of 
20 bone growth, in which case the integration of the bone to the composite can begin 

immediately after the composite comes into contact with body fluid, i.e. immediately after 
the surgery. 

It is a further object of the invention to provide a bioactive porous product which is easy 
25 to mold and which, after the molding, can when necessary be hardened to the desired 
shape. 

SUMMARY OF THE INVENTION 
30 The characteristics of the invention are given in the independent claims. 

The invention thus relates to a porous textile product made from bioactive glass fibers. It 
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is characteristic that the fibers therein are of at least two kinds, fiber A and fiber B, 

- fiber A being made of a bioactive glass and 

- fiber B being made of a weakly bioactive glass. 

5 The invention further relates to the use of the novel textile product as an implant, a 

product yielding a drug or some other substance at a controlled rate, for tissue control, as 
filler material in bone cavities or in soft tissue, for the removal of pulpa, as dental root 
filler material, or as binding material for bone transplants. 

1 0 PREFERRED EMBODIMENTS OF THE INVENTION AND A DETAILED 
DESCRIPTION 

Definitions 

15 By the term "implant" is meant in the present invention any body, made of an man-made 
material, to be placed in a tissue, such as an artificial joint or part thereof, a screw, a 
fixation plate, or a corresponding orthopedic or dental device. 

In the context of the definition of the present invention, by "bioactive glass" is meant a 
20 glass which in physiological conditions dissolves at least partly in a few months, 
preferably within a few weeks, most preferably in approximately 6 weeks. 

In the context of the definition of the present invention, the term "weakly bioactive glass" 
denotes a glass which in physiological conditions does not dissolve within the first 
25 months, at least not completely. 

Especially preferred embodiments 

The surface of the fibers forming the textile product, especially the surface of the fibers 
30 made of bioactive glass, should preferably be roughened, for example, by using hydrogen 
fluoride vapor. The roughening can be carried out before the making of the textile or 
thereafter. The topographic irregularities produced in the surface by the roughening are 
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typically within the range 1 - 50 microns. 

According to another embodiment, there is formed on the fiber surfaces one or more 
bioactive layers, which are made up of, for example, silica gel and/or hydroxyapatite. 
5 Even though it is possible to form such bioactive layers on the surfaces of smooth fibers, 
it is, however, preferable that the fiber surface is first roughened. Such pre-corrosion, i.e. 
the forming of a bioactive layer, may be achieved, for example, by means of simulated 
body fluid (SBF) or some organic or inorganic solvent. 

10 According to one preferred embodiment, there is added to the bioactive layer some bone 
growth inducing substance, typically a protein, such as some growth factor or the like. 

Alternatively, it is possible to add to the bioactive layer a drug or some other substance. In 
this case the textile product may serve as a product which yields the said substance at a 
15 controlled rate. 

It is possible to add foreign substances to the bioactive layer before a textile product is 
made from the fiber, but preferably such substances are added to the textile product itself. 

20 Many conventional bioactive glasses involve the problem that their processability is poor, 
since they crystallize easily. It is not possible to draw fibers from such bioactive glasses. 
The fibers may be manufactured by technology known per se. 

International patent application publication WO 96/21628 describes bioactive glasses of a 
25 novel type; their working range is suitable for the processing of glass, and they can thus 
be used for making fibers. The bioactive glasses described in the said publication are 
especially good also for the reason that the processability of the glass has been achieved 
without the adding of aluminum oxide. Such glasses typically have the following 
composition: 
30 Si0 2 53 -60% by weight 


Na^ 
K 2 0 


0-34 % by weight 
1 -20% by weight 
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MgO 0- 5% by weight 
CaO 5-25 % by weight 
B 2 0 3 0- 4% by weight 
P 2 O s 0.5-6% by weight 
however so that 

Na^ + K 2 0 = 16-35 % by weight, 
K 2 0 + MgO =5-20 % by weight and 
MgO + CaO = 10 - 25 % by weight. 


10 According to an especially preferred embodiment, the bioactive glass fibers are made 
from a bioactive glass the composition of which is NajO 6 % by weight, K 2 0 12 % by 
weight, MgO 5 % by weight, CaO 20 % by weight, P 2 O s 4 % by weight and Si0 2 53 % by 
weight. 

1 5 The material of fiber type B, i.e. the weakly bioactive glass, is preferably such that it will 
begin to dissolve before the bioactive glass (the material of fiber type A) has dissolved 
completely. 


Fiber type B of the textile product is preferably made of a weakly bioactive glass having 
20 the composition Na^ 6 % by weight, K 2 0 12 % by weight, MgO 5 % by weight, CaO 1 5 
% by weight, P 2 0 5 4 % by weight and Si0 2 58 % by weight. 

The textile product according to the invention may, of course, contain fibers made from a 
plurality of bioactive glasses and/or fibers made from a plurality of weakly bioactive 
25 glasses. It may additionally contain other types of fibers, such as fibers made of a 
biodegradable thermoplastic polymer. 


The textile product is preferably such that the length of the fibers therein varies. 
Preferably the order of the fibers in the product is not predetermined. 

30 

According to an especially preferred embodiment, the textile product is a felt, fabric or 
mat manufactured by, for example, the non-woven technique. The manufacture of the 
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fabric is carried out by drawing shorter or longer fibers from glass. Non-woven fabric is 
made by spraying shorter fibers to form a mat. 

The textile product according to the invention may suitably be impregnated with a 
5 substance, for example simulated body fluid or a collagen adhesive, which causes the 
product to harden after the product has been molded into the desired shape. As a 
consequence of such impregnation there is obtained an apatite junction at the intersections 
of the fibers. 


10 The textile product according to the invention can be used in many fields. Some of the 
most important applications are its use as an implant, as a product which yields a drug or 
another substance at a controlled rate, for the control of tissues, as a filler material in bone 
cavities or soft tissue, in the removal of pulpa, as a dental root filler material, or as a 
binding agent for bone transplant. Overall, it can be noted that the textile product 

15 according to the invention is intended for being brought into contact with an individual's 
tissue or body fluid. 


The textile product according to the invention is, not only in the micro size (fibers) but 
also in the macro size (textile product made from fibers), full of independent islands 
20 favorable to new bone growth. A pre-roughened and pre-activated surface further 
promotes the initiation of reactions indispensable for new bone growth. 

The invention embodiments mentioned above are only examples of the implementation of 
the idea according to the invention. For a person skilled in the art it is clear that the 
25 various embodiments of the invention may vary within the framework of the claims 
presented below. 
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CLAIMS 

1 . A porous textile product made from bioactive glass fibers, characterized in that the 
fibers therein are of at least two types, fiber A and fiber B, 

5 - fiber A being made of a bioactive glass, and 
- fiber B being made of a weakly bioactive glass. 

2. A textile product according to Claim 1, characterized in that the surface of at least the 
fiber, preferably of at least fiber A, is roughened. 

10 

3. A textile product according to Claim 1 or 2, characterized in that there are one or 
several bioactive layers formed on the surface of at least one type of fiber. 

4. A textile product according to Claim 3, characterized in that the layer is made up of 
15 silica gel and/or hydroxyapatite. 

5. A textile product according to Claim 3 or 4, characterized in that there is a bone 
growth inducing substance added to the bioactive layer. 

20 6. A textile product according to Claim 3 or 4, characterized in that there is a drag 
added to the textile product. 

7. A textile product according to any of the above claims, characterized in that fiber A is 
made of a bioactive glass having the composition NajO 6 % by weight, K^O 12 % by 

25 weight, MgO 5 % by weight, CaO 20 % by weight, P 2 0 5 4 % by weight, and Si0 2 53 % 
by weight. 

8. A textile product according to any of the above claims, characterized in that fiber B is 
made of a weakly bioactive glass having the composition Na^ 6 % by weight, K 2 0 12 % 

30 by weight, MgO 5 % by weight, CaO 15 % by weight, P 2 0 5 4 % by weight, and Si0 2 58 
% by weight. 
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9. A textile product according to any of the above claims, characterized in that the 
length of the fibers therein varies and that the order of the fibers in the product is not 
predetermined. 

10. A textile product according to any of the above claims, characterized in that the 
textile product is a felt, fabric or mat. 

1 1. A textile product according to Claim 1 1, characterized in that it is made by the non- 
woven technique. 

12. A textile product according to any of the above claims, characterized in that the 
product may be impregnated with a substance which causes the product to harden after the 
product has been molded into the desired shape. 

13. The use of a textile product according to any of the above claims as an implant, a 
product which yields a drug or another substance at a controlled rate, for the control of 
tissues, as a filler in bone cavities or soft tissue, in the removal of pulpa, as a dental root 
filler material, or as a binding agent for bone transplants. 
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